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(54) DIE OR MOLD HAVING SURFACE FILM 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide a die or the like having a surface film simultaneously improving thermal crack 
resistance and oxidation-resistance and having a long life. 

SOLUTION: On the surface of a die base metal or a mold base metal composed of cemented carbide, ceramics, steel 
or cast iron, a film composed of (Ti(1j^y)CrxAly);N {(x) and (y) are value satisfying 0.02≤x<1.0 and 0.02≤y≤0.7), 
having 0.3 to 50 μm film thickness^ancJ compression stress of 0.5 to 8 GPa by the average value of residual stress 
is formed. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the metal mold which consists of a cemented carbide, a ceramics, steel, or cast iron — the metal mold which 
has the surface lining by which the coat whose average of residual stress it is constituted by N (Ti(l-x-y) Crx Aly) (x 
and y are 0.02<=x<1.0 and a value with which 0.02<=y<=0.7 is filled among a formula.), the thickness is 0.3-50 
micrometers, and is the compressive stress of 0.5-8GPa was formed in the front face of a base material or 
[Claim 2] the metal mold of the above [ the above-mentioned coat ] — the metal mold which has the surface lining 
according to claim 1 which is a coat of the composition which increased the composition ratio of Cr or aluminum 
continuously or gradually towards the coat front face from the front face of a base material or a mold base material, or 
mold 

[Claim 3] the metal mold which consists of a cemented carbide, a ceramics, steel, or cast iron — the metal mold with 
which the laminating of the thin layer of a titanium nitride, nitriding chromium, and an aluminium nitride is repeatedly 
carried out to the front face of a base material or a mold base material at least 10 times by turns, and the thickness 
has the surface lining in which the coat whose average of residual stress is the compressive stress of 0.5-8GPa was 
formed by 0.3-50 micrometers, or mold 

[Claim 4] the metal mold which consists of a cemented carbide, a ceramics, steel, or cast iron — the metal mold which 
has the surface lining in which the thin layer of titanium-nitride aluminum and nitriding chromium was formed in the 
front face of a base material or a mold base material, and 1 time or the coat whose average of residual stress a 
laminating is carried out twice [ at least ] repeatedly, and the thickness is the compressive stress of 0.5-8GPa in 
0.3-50 micrometers was formed by turns, or mold 

[Claim 5] the metal mold which consists of a cemented carbide, a ceramics, steel, or cast iron — the metal mold with 
which the laminating of the thin layer of titanium-nitride chromium and an aluminium nitride is repeatedly carried out to 
the front face of a base material or a mold base material at least 10 times by turns, and the thickness has the surface 
lining in which the coat whose average of residual stress is the compressive stress of 0.5~8GPa was formed by 0.3-50 
micrometers, or mold 

[Claim 6] the metal mold which consists of a cemented carbide, a ceramics, steel, or cast iron — the metal mold which 
has the surface lining in which the thin layer of nitriding chromium aluminum and a titanium nitride was formed in the 
front face of a base material or a mold base material, the laminating was repeatedly carried out twice [ at least ], and 1 
time or the coat whose average of residual stress is the compressive stress of 0.5-8GPa was formed by 0.3-50 
micrometers in the thickness by turns, or mold 

[Claim 7] the metal mold which consists of steel or cast iron — the metal mold with which thickness is not in the claim 
1 which comes to form the nitri ding-treatment layer whose average of the residual stress covering the depth of 10 
micrometers is the compressive stress of 0.2-1. 5GPa, or 6 from the above-mentioned front face, but has the surface 
lining of a publication by 50-500 micrometers by carrying out diffusion penetration of the nitrogen on the front face of 
a base material or a mold base material at **, or mold 

[Claim 8] the above — metal mold — the metal mold which has the surface lining according to claim 1 to 7 in which 
the hard coat interlayer formed by either a titanium nitride or nitriding chromium between a base material or a mold 
base material, and the above-mentioned coat is prepared, or mold 

[Claim 9] Metal mold or mold for molding of casting of between ** of the iron system parts formed using the metal mold 
or mold which has a surface lining according to claim 1 to 8 or the object for a hot-forging manipulation, the object for 
casting of an aluminium alloy, and a Magnesium alloy, the object for ♦♦♦♦»♦ molding, or melting glass. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the metal mold or mold which has a surface 

lining. 

[0002] 

[Description of the Prior Art] In case iron system parts, such as autoparts, a machine part, and parts for home 
electronics, or aluminium alloy parts, and Magnesium alloy parts are forged between **s or between heat or the metal 
mold used in case it casts and mold ("it abbreviating to metal mold etc." hereafter — ) The elevated temperature which 
front faces, such as metal mold, receive while in use (generally it is 500 degrees C or more in elevated temperature.) a 
sake — metal mold — etc. — a front face — oxidization — depending — trauma — a repeat — thermal stress — 
depending — a fatigue crack — occurrence — etc. — being generated — a heat check — calling — having — " — 
****** — " — a phenomenon — being generated . especially, in casting of aluminum, front faces, such as metal mold, 
eat away by aluminum — having — " — ****** — " arises this " — ♦»»♦♦♦ — " advances by increase of the number 
of manipulations, and when a maintenance of a dimensional accuracy becomes difficult, let it be the life of metal mold 
etc. moreover, melting glass — metal mold — confining — metal mold — the metal mold used in case a configuration is 
imprinted and fabricated — the same — the metal mold from melting glass — similar trauma is produced with the 
elevated temperature which a front face receives Furthermore, in order that front faces, such as melting aluminum, 
melting (or half-melting) magnesium or melting glass, and metal mold, may react, aluminum and glass weld and the 
phenomenon which sticks to metal mold etc. poses a problem. The welding phenomenon of a workpiece and metal mold 
causes a fall of working capacity. [ such ] 

[0003] In order to delay trauma of the above metal mold, nitriding treatments, such as tuft light processing, 
gas-nitriding processing, ion-nitriding processing, and nitro sulphurizing processing, are broadly performed to the metal 
mold in which present was forged or cast, metal mold [ as opposed to / the characteristic feature of these nitriding 
treatments carries out diffusion penetration of the element which makes nitrogen a principal component on a base 
materials front face, such as metal mold which consists of steel, aim at increase of a surface hardness, an introduction 
of a surface pressure shrinkage stress, etc., and / a heat check ] — surface endurance is raised 

[0004] However, in a nitriding treatment, the oxidation resistance of front faces, such as metal mold, cannot be raised. 
For this reason, front faces, such as metal mold, oxidize, this scale grows, it drops out and oxidization arises again. By 
such cycle, front faces, such as metal mold, are damaged by oxidization. 

[0005] As surface treatment methods other than a nitriding treatment, the method of making ceramic coats, such as a 
titanium carbide, a titanium nitride, and a charcoal titanium nitride, form is raised by a chemical vapor deposition (CVD), 
the physical vapor deposition (PVD), etc. Moreover, the method of making a vanadium-carbide coat form by the thermal 
reaction and the separating method called the TRD method and TD method is also raised. 
[0006] 

[Problem(s) to be Solved by the Invention] however, the oxidation resistance of itself loses a charcoal titanium nitride, 
a vanadium carbide, etc. near 500-600 degree C — having — metal mold — an effect remarkable in surface oxidization 
suppression is not seen 

[0007] moreover, glass molding — although improving thermal resistance, oxidation resistance, a hot hardness, etc. in 
metal mold by carrying out the buildup welding of the hard metal to the front face of a metal material, or forming a 
heat-resistant metal coat in it is performed and it is, since it becomes the material which used the metal or the alloy as 
the base — a material degree of hardness — a ********** degree of hardness — 700kg/mm2 It was as low as the 
grade and was inadequate for preventing trauma of the metal mold by bite lump of hard grain etc. 
[0008] In order to conquer these faults, the technique which combined surface hardenings, such as the 
above-mentioned nitriding treatment, and coat formation processing of the above-mentioned vacuum deposition etc. is 
indicated. For example, a nitride layer is formed in JP,62-103368,A on the surface of a metal base, and the 
ceramic-coating metal which covered the ceramic-coating layer is proposed. CVD is used as the coat formation 
technique in this case. Moreover, to JP.2-1 25861 ,A, ion-nitriding processing and an ion plating are continuously 
performed within the same vacuum tub, and one layer or the technique of carrying out multilayer formation is indicated 
in layers, such as a metaled nitride, carbide, a charcoal nitride, a charcoal nitric oxide, and an oxide. Furthermore, to it, 
a plasma is generated within a vacuum housing using a RF generator, nitrogen ion is made to collide with a processed 
material to JP.5-98422.A, a hardening layer is made, and the consecutive-processing method which carries out ceramic 
coating immediately as it is is indicated. The method of performing glow discharge to JP,8-35075.A, and carrying out 
the ion nitriding of the metal member to it under the ambient atmosphere of ammonia gas and hydrogen gas, next 
making a hard coat form by PVD on this ion-nitriding layer further again is indicated. 

[0009] No these advanced technology was what showed the mechanical property which the material system in which it 

has stopped at having indicated having only indicated the art or the material system, and heat-resistant crack nature 

and oxidation resistance are satisfied simultaneously, and its material system should satisfy. 

[0010] Then, this invention is offering the long lasting metal mold which has the surface lining which raises 

simultaneously heat-resistant crack nature and oxidation resistance. 

[0011] 

[Means for Solving the Problem] the metal mold with which this invention consists of a cemented carbide, a ceramics, 
steel, or cast iron — the front face of a base material or a mold base material — N (Ti(1-x-y) Crx Aly) (x and y among 
a formula) they are 0.02<=x<1.0 and the value with which 0.02<=y<=0.7 is filled It is constituted and the 
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above-mentioned technical probrem was solved by forming the coat the thickness is 0.3-50 micrometers, and is [ coat 
] the compressive stress of 0.5-8GPa about the average of residual stress. 

[0012] The above-mentioned coat is excellent in heat-resistant crack nature and oxidation resistance, and even if it 
performs the forging and casting between **s or between heat using the metal mold or mold which has this coat, it can 
suppress the trauma and fatigue crack by oxidization of front faces, such as metal mold. 
[0013] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained, the 1st operation gestalt 
of the metal mold which has such a surface lining in this invention, or mold — metal mold — the coat constituted by 
the nitride of the alloy of titanium, chromium, and aluminum is formed in the front face of a base material or a mold 
base material (it abbreviates to "base materials, such as metal mold/' hereafter.) 

[0014] the above — as base materials, such as metal mold, a cemented carbide, a ceramics, steel, or cast iron can be 
raised The nitride of the alloy of the above-mentioned titanium, chromium, and aluminum can be expressed with the 
following formula [1]. 
[0015] 

(Ti(l-x-y) Crx Aly) N [1] 

As for the inclusion rate of chromium, i.e., x in a formula [1], at this time, it is good to fill 0.02<=x<1.0. Moreover, as for 
the inclusion rate of aluminum, i.e., y in a formula [1], it is good to fill 0.02<=y<=0.7. Furthermore, the inclusion rate of 
titanium, i.e., 1-x-y in a formula [1], should just show a positive value. 

[0016] The oxidation resistance of a coat can be raised by adding chromium and aluminum to a titanium nitride, this — 
the chromium and aluminum in a coat — metal mold — it is for oxidizing under the elevated-temperature 
atmospheric-air ambient atmosphere at the time of use, and forming in a coat front face the firm protective coat which 
consists of a chrome oxide and an aluminum oxide the effect that such a precise oxidization coat suppresses advance 
of oxidization of a titanium-nitride coat sharply — having — **** — metal mold — a surface oxidative wear is 
suppressed greatly 

[0017] If composition ratio x of chromium is one or more, the above-mentioned coat will tend to become brittle. 
Moreover, if x is less than 0.02, it will be hard coming to obtain the effect of oxidation-resistant enhancement 
Furthermore, if composition ratio y of aluminum exceeds 0.7, the degree of hardness of the above-mentioned coat may 
fall extremely. Moreover, if y is less than 0.02, it will be hard coming to obtain the effect of oxidation-resistant 
enhancement. 

[0018] The thickness of the above-mentioned coat has good 0.3-50 micrometers. If it is less than 0.3 micrometers, it 
will be hard to acquire the effect of a coat. Moreover, if 50 micrometers is exceeded, the case where a coat destroys 
by the impact at the time of use will arise. 

[0019] Moreover, it is good that compressive stress exists in the above-mentioned coat as residual stress. Residual 
stress is measured with an X-ray diffraction method (the sin2 psi method). As for the residual stress of the 
above-mentioned coat, it is good that the average is the compressive stress of 0.5~8GPa. When this residual stress is 
parvus compressive stress from 0.5GPas and it is the residual stress of tension, the occurrence depressor effect of a 
heat check is not obtained and it is not desirable. Moreover, since a crack initiation is conversely promoted when 
residual stress is the compressive stress exceeding 8GPas, it is not desirable. 

[0020] the above-mentioned coat — the above — as the technique of forming in front faces, such as metal mold, 
technique, such as CVD, such as PVD, such as the ion-plating method and the arc ion-plating method, and a plasma 
CVD method, is employable 

[0021] By satisfying these requirements, the metal mold which has the coat which has heat-resistant crack nature and 
oxidation resistance is obtained. 

[0022] Only the structures of a coat differ among the operation gestalt of the above 1st, and the modality of base 
material, the thickness of a coat and the conditions of residual stress, the formation technique of a coat of the 2nd 
operation gestalt, such as metal mold which has such a surface lining in this invention, etc. are the same as that of the 
case of the 1st operation gestalt except coat structure. 

[0023] The coat in the 2nd operation gestalt is formed in a base materials front face, such as metal mold, and is 
constituted by the nitride of the alloy of titanium, chromium, and aluminum, moreover, this coat — the above — it is 
the coat of the composition which increased the composition ratio of Cr or aluminum continuously or gradually towards 
the coat front face from the front face of base materials, such as metal mold 

[0024] The nitride of the alloy of the above-mentioned titanium, chromium, and aluminum can be expressed with the 
above-mentioned formula [1], and x and y have the above-mentioned domain. 

[0025] for considering this coat as inclination composition — the above — the coat front face from a front face of 
base materials, such as metal mold, — turning — chromium — rich or aluminum — alloy composition of an evaporation 
source is adjusted so that it may become rich, and the technique of making it changing continuously, the method of 
making it change gradually, the technique of carrying out the laminating of the thin film of specific composition, etc. are 
raised 

[0026] although the effect which adds chromium and aluminum to a titanium nitride is as above-mentioned — this 
operation gestalt — like — a coat front face — going — chromium — rich or aluminum — if it is made to become rich, 
especially the oxidation resistance by the side of a coat front face can be raised 

[0027] Only the structures of a coat differ among the operation gestalt of the above 1st, and the modality of base 
material, the thickness of a coat and the conditions of residual stress, the formation technique of a coat of the 3rd 
operation gestalt, such as metal mold which has such a surface lining in this invention, etc. are the same as that of the 
case of the 1st operation gestalt except coat structure. 

[0028] The coat in the 3rd operation gestalt is a coat which was formed in the base materials front face, such as metal 
mold, repeated the thin layer of a titanium nitride, nitriding chromium, and an aluminium nitride at least 10 times by 
turns, and carried out the laminating. Although the order of a titanium-nitride thin layer, a nitriding chromium thin layer, 
and an aluminium-nitride thin layer may be arbitrary, the laminating of the three thin layers is carried out by turns in a 
predetermined order. Even if one layer of an outside wears out and disappears by considering as such a laminated 
structure, the following layer expresses and oxidation resistance is maintained. 

[0029] The laminating of this laminating coat can be carried out by adjusting alloy composition of an evaporation source 
for every thin layer. 

[0030] Only the structures of a coat differ among the operation gestalt of the above 1st, and the modality of base 
material, the thickness of a coat and the conditions of residual stress, the formation technique of a coat of the 4th 
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operation gestalt, such as metal mold which has such a surface lining in this invention, etc. are the same as that of the 
case of the 1 st operation gestalt except coat structure. 

[0031] The coat in the 4th operation gestalt is formed in a base materials front face, such as metal mold, and is 1 time 
or a coat which carried out the laminating twice [ at least ] repeatedly by turns about the thin layer of titanium-nitride 
aluminum and nitriding chromium. The thin layer of titanium-nitride aluminum makes the thin layer of a nitride form, 
using the alloy of titanium and aluminum as an evaporation source. Even if one layer of an outside wears out and 
disappears by considering as such a laminated structure, the following layer expresses and oxidation resistance is 
maintained. 

[0032] The laminating of this laminating coat can be carried out by adjusting alloy composition of an evaporation source 
for every thin layer. 

[0033] Only the structures of a coat differ among the operation gestalt of the above 1st, and the modality of base 
material, the thickness of a coat and the conditions of residual stress, the formation technique of a coat of the 5th 
operation gestalt, such as metal mold which has such a surface lining in this invention, etc. are the same as that of the 
case of the 1 st operation gestalt except coat structure. 

[0034] The coat in the 5th operation gestalt is a coat which was formed in the base materials front face, such as metal 
mold, repeated the thin layer of titanium-nitride chromium and an aluminium nitride at least 10 times by turns, and 
carried out the laminating. The thin layer of titanium-nitride chromium makes the thin layer of a nitride form, using the 
alloy of titanium and chromium as an evaporation source. Even if one layer of an outside wears out and disappears by 
considering as such a laminated structure, the following layer expresses and oxidation resistance is maintained. 
[0035] The laminating of this laminating coat can be carried out by adjusting alloy composition of an evaporation source 
for every thin layer. 

[0036] Only the structures of a coat differ among the operation gestalt of the above 1st, and the modality of base 
material, the thickness of a coat and the conditions of residual stress, the formation technique of a coat of the 6th 
operation gestalt, such as metal mold which has such a surface lining in this invention, etc. are the same as that of the 
case of the 1st operation gestalt except coat structure. 

[0037] The coat in the 6th operation gestalt is formed in a base materials front face, such as metal mold, and is 1 time 
or a coat which carried out the laminating twice [ at least ] repeatedly by turns about the thin layer of nitriding 
chromium aluminum and a titanium nitride. The thin layer of nitriding chromium aluminum makes the thin layer of a 
nitride form, using the alloy of chromium and aluminum as an evaporation source. Even if one layer of an outside wears 
out and disappears by considering as such a laminated structure, the following layer expresses and oxidation resistance 
is maintained. 

[0038] The laminating of this laminating coat can be carried out by adjusting alloy composition of an evaporation source 
for every thin layer. 

[0039] the 7th operation gestalt, such as metal mold which has such a surface lining in this invention, forms a 
nitriding-treatment layer in the front face of base materials, such as metal mold which consists of steel or cast iron, 
making — base materials, such as this metal mold, — using — the above-mentioned coat — forming 
above-mentioned the 1- the metal mold which has one surface coating of the 6th operation gestalt is produced 
[0040] the above-mentioned nitriding-treatment layer — the above — a nitriding-treatment layer is made to form in 
the front face of base materials, such as metal mold, by carrying out diffusion penetration of the nitrogen As this 
nitriding-treatment method, a tufftriding, gas-nitriding processing, ion-nitriding processing, etc. can apply many 
nitriding-treatment methods. However, in many above-mentioned approaches, the layer of gamma'-Fe4 N or 
gamma'-Fe2-3 N which is called a compound layer or embrittlement layer to a base materials front face, such as metal 
mold after a nitriding treatment, and which is a brittle compound occurs. For this reason, it is necessary to remove by 
grinding such a compound layer. In addition, a nitriding treatment becomes possible, without making the 
above-mentioned compound layer form, if an ion-nitriding approach is used. 

[0041] the above in which the thickness of this nitriding-treatment layer, i.e., this nitriding-treatment layer, is formed 
— the depth from the front face of base materials, such as metal mold, has good 50-500 micrometers In less than 50 
micrometers, the effect of a nitriding-treatment layer cannot fully be demonstrated. Moreover, when exceeding 500 
micrometers, in order to make the nitriding-treatment layer of this thickness form, a remarkable prolonged nitriding 
treatment is needed, and it is not economical. 

[0042] By making this nitriding-treatment layer form, the outstanding effect of a heat-resistant crack disposition top is 
brought Furthermore, it is good to give compression residual stress to this nitriding-treatment layer. This compression 
residual stress can be measured with the same X-ray diffraction method as the above, the above — the residual stress 
covering the depth of 10 micrometers from the front face of base materials, such as metal mold, has the good 
compressive stress of 0.2-1. 5GPa by the average 0. When it has the compressive stress of less than 2 GPas, or the 
residual stress of tension, the occurrence depressor effect of a heat check is hard to be obtained. Moreover, in the 
case of exceeding [ 1.5GPa ] compressive stress, a crack initiation will be promoted conversely. 

[0043] the operation gestalt of the octavus which has such a surface lining in this invention, such as metal mold, — 
above-mentioned the 1- the front face of base materials, such as metal mold with which the nitriding-treatment layer 
was given to the front face used with base materials, such as metal mold used with the 6th operation gestalt, or the 7th 
operation gestalt, and above-mentioned the 1- a hard coat interlayer is prepared among one which is formed with the 
6th operation gestalt of coats . 
[0044] This hard coat interlayer is formed by either a titanium nitride or nitriding chromium. By preparing this hard coat 
interlayer, the adhesion of base materials, such as the above-mentioned metal mold, and the above-mentioned coat 
can be raised. When using base materials, such as metal mold especially used with the 7th operation gestalt, the 
adhesion with a coat can be raised more. 

[0045] above-mentioned the 1- since the metal mold or mold which has the surface lining of the 7th operation gestalt 
is the metal mold or mold which doubled and had heat-resistant crack nature and oxidation resistance — such metal 
mold or mold — the metal mold for molding of casting of between ** of iron system parts or the object for a 
hot-forging manipulation, the object for casting of an aluminium alloy, and a Magnesium alloy, the object for ****** 
molding, or melting glass — it can be used as a base material or mold 
[0046] " . 

[Example] Below, the example of this invention is explained. In addition, processing used in each example and the 
example of a comparison is shown below. 

[0047] [The nitriding treatment on the front face of a base material] 
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Processing **: The base material was held in the salt bath and the hardening layer with a depth of 25-450 micrometers 
was obtained on the front face for tufftriding temperature of 550 degrees C, 30 minutes to time 20 hours. The polishing 
elimination of the compound layer with a depth [ which was generated on this front face ] of 5-10 micrometers was 
carried out, and the surface roughness (Rz) was set to 0.3 micrometers or less. 

[0048] direct-current- voltage- 100V impressed to nitrogen gas 60 flow rate %, hydrogen gas 40 flow rate S t standby 
pressure 2Torr in a processing tub, and the base material (base material) for Processing **: ion-nitriding processing 
temperature of 500 degrees C, 15 minutes to time 2 hours — said — the 40-1 50-micrometer hardening layer was 
obtained on the front face on condition that RF power (13.56MHz) 1000W Although the compound layer detrimental to 
this front face was not generated, it wrapped lightly the front face damaged by the plasma treatment, and set the 
surface roughness (Rz) to 0.3 micrometers or less. 
[0049] [Formation of a coat] 

The formation arc ion-plating method of a Processing **:(Ti(1-x-y) Crx Aly) N coat is used. The 
titanium-chromium-aluminium alloy decided by the target composition x and y (Cr composition x or aluminum 
composition y) The evaporation source produced by 100xx atom X and lOOxy atom X, respectively is used. Among arc 
current 100A, the base-material (base material) temperature of 450 degrees C, and the nitrogen ambient atmosphere, 
on condition that direct-current-voltage-200V impressed to vacuum tub internal pressure 30mTorr and the base 
material (base material), the processing time was changed and N (Ti(1-x-y) Crx Aly) coat with a thickness of 0.2-55 
micrometers was formed. Moreover, that to which the direct current voltage impressed to base-material (base material) 
temperature or the base material (base material) was changed, and the residual stress in a coat was changed was also 
prepared. 

[0050] Processing **: Using every one evaporation source each produced by each of the formation pure titanium (0.5 
or less % of the weight is included for an unescapable impurity.) of a TiN/CrN/AIN laminating coat, pure chromium (0.5 
or less % of the weight is included for an unescapable impurity.), and pure aluminum (0.5 or less % of the weight is 
included for an unescapable impurity.), these three evaporation sources have been arranged so that a vacuum tub wall 
may be adjoined. The rotary table has been arranged to the center of three evaporation sources, and the base material 
(base material) was attached there. The TiN/CrN/AIN laminating coat with a thickness of about 5 micrometers was 
formed using the arc ion-plating method on direct-current-vortage-200V impressed to vacuum tub internal pressure 
30mTorr and the base material, rotational frequency 1rpm of a table, and the conditions for processing-time 20 minutes 
among arc current 100A of each evaporation source, the base-material (base material) temperature of 450 degrees C, 
and the nitrogen ambient atmosphere. The number of times of a repeat of a laminating was 25 times. Moreover, the 
table rotational frequency was changed and the sample which made the number of times of a repeat of a laminating 9 - 
500 times was also produced. 

[0051] Processing **: It carried out by the technique according to processing ** of the formation above of 
titanium-nitride aluminum / nitriding chromium laminating coat. That is, the evaporation source produced by each of the 
titanium aluminium alloy (0.5 or less % of the weight is included for an unescapable impurity.) and pure chromium (0.5 or 
less % of the weight is included for an unescapable impurity.) which consist of desired composition was opposed to 
every one piece each and the vacuum tub wall, and was installed. The rotational frequency of a table was set to 0.8rpm. 
Other conditions are the same as that of technique given in the above-mentioned processing **, and formed 
titanium-nitride aluminum / nitriding chromium laminating coat with a thickness of 5-6 micrometers. The number of 
times of a repeat of a laminating was 25 times. Moreover, the table rotational frequency was changed and what made 
500 times the number of times of a repeat of a laminating was produced. Furthermore, about the sample whose number 
of times of a repeat of a laminating is 1 time or 2 times, it was made to become the number of times of a repeat which 
predetermined makes carry out time quiescence of the base material (base material) at the front of each evaporation 
source, and is made into an aim. 

[0052] Processing **: The laminating coat was formed using the same technique as the above-mentioned processing 
** except having used the evaporation source produced by each of the titanium chromium alloy (0.5 or less % of the 
weight is included for an unescapable impurity.) which consists of composition of a formation request of 
titanium-nitride chromium / aluminium-nitride laminating coat, and pure aluminum (0.5 or less % of the weight is 
included for an unescapable impurity.). 

[0053] Processing **: The laminating coat was formed using the same technique as the above-mentioned processing 
** except having used the evaporation source produced by each of the chromium aluminium alloy (0.5 or less % of the 
weight is included for an unescapable impurity.) and pure titanium (0.5 or less % of the weight is included for an 
unescapable impurity.) which consist of composition of a formation request of nitriding chromium aluminum / 
titanium-nitride laminating coat. 

[0054] Processing **: (Ti(1-x-y) Crx Aly) The formation (Ti (1-x1-y1) Crx1 AlyD N->(Ti (1-x2-y2) Crx2Aly2) N 
inclination composition coat of N inclination composition coat was formed by the following technique. x1 made into a 
target using the arc ion-plating method, the titanium-chromium-aluminium alloy decided by y 1 (the Cr composition x1 
or the aluminum composition yl) The titanium-chromium-aluminium alloy it is decided by x2 and y2 that will be the 
evaporation source produced by 100xx1 atom % and 100xy1 atom %, respectively (Cr composition x2 or the aluminum 
composition y2) The evaporation source produced by 100xx2 atom % and 100xy2 atom %, respectively On the 
conditions for direct-current-vortage-200V, and processing-time 60 minutes which opened the spacing of 300mm of 
distance, have arranged to two set parallel, and were impressed to vacuum tub internal pressure 30mTorr and the base 
material (base material) among arc current 100A, the base-material (base material) temperature of 450 degrees C, and 
the nitrogen ambient atmosphere By carrying out the parallel displacement of between two evaporation sources for a 
base material (base material) slowly, the N(Ti (1-x1-y1) CrxlAryl) ->(Ti (1-x2-y2) Crx2Aly2) N inclination composition 
coat of two phases with a thickness of 2 micrometers was formed. 
[0055] [A hard coat interlayer's formation] 

Processing **: It carried out by the technique according to formation processing ** of TiN coat or CrN coat. That is, 
TiN coat with a thickness of 2 micrometers or CrN coat was formed on the same conditions as the technique of 
processing ** using the evaporation source produced with titanium or chromium. Although the hard coat interlayer was 
formed by this technique, when a coat was prepared on this interlayer, in formation of each coat, it continued at this 
method and carried out by performing each technique of the above "formation [ of [coat ]]." 

[0056] [measurement of residual stress] — measurement of the residual stress near the front face of base materials, 
such as metal mold, of a coat — sin2 It carried out using the X-ray diffraction method by the psi method. sin2 The 
angle psi in the psi method is inclination psi in X-ray diffraction. The azimuth on the basis of the normal on the front 
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face of a material (base material) is meant, and if it is psi= 0 degree and it is psi= 90 degrees about the sense of the 
normal of the normal over a material (base material) front face, the sense parallel to a material (base material) front 
face is shown. Suitable (psi= 90 degrees) compressive stress parallel to a material-list side shrinks a material with the 
same direction most greatly, and swells a material most greatly in the perpendicular orientation (psi= 0 degree). If the 
grade of the intumescence and deflation of the material at this time is transposed to change of the spacing of the 
crystal lattice which constitutes a material, change (asymmetry) and psi of a spacing will be connected as follows, 
change =(constant decided by Young's modulus and Poisson's ratio) x stress xsin2 of a spacing psi — while changing 
psi there at the time of X-ray diffraction — the lattice constant of the specific crystal face — measuring — sin2 If a 
quadrature axis is set as psi, an axis of ordinate is set as a spacing and a graph is written, the measured point will ride 
on a straight line in general. Since this slope of a line is the product of the constant decided by Young's modulus and a 
Poisson's ratio peculiar to a material, and stress, it can calculate the value of stress from an inclination. 
[0057] The block of the shape of a cylindrical shape of phi40xh30 which consists of a [production of sample [ which is 
used for an example and the example of a comparison ] and comparison sample] JIS steel type SKD61 was made, 
quenching and heat treatment by tempering were performed, and the base material of the Rockwell International 
C-scale-weighting degree of hardness 52 was produced. One [ of this base material ] field of phi 40 was ground less 
than [ surface— roughness (Rz)0.3micrometer ]. According to each above-mentioned approach, to the polished surface 
of this base material, surface treatment given in Tables 1-3, coat formation, etc. were performed, and samples 1-30 
were produced to it. Moreover, the comparison samples 1-10 were produced similarly. In addition, each of residual 
stress of the base material indicated in Tables 1-3 and residual stress of a coat shows the value of the compressive 
stress measured with the above-mentioned measuring method. 
0058] 
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[0061] (An example 1, example 1 of a comparison) Using each above-mentioned sample and the comparison sample, it 
heated for 60 seconds in 600 degree-C atmospheric air, and subsequently, operation of quenching for 60 seconds 
underwater was repeated, and the thermal load was applied. The trauma on a coat front face after making this thermal 
load cycle act per 100 times, or the front face of a base material was observed with the light microscope, and the 
number of crack-initiation start cycles was evaluated. The result is shown in Tables 4-6. In this invention, it was 
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checked that occurrence of a heat check is suppressed sharply so that clearly from Tables 4-6. 

[0062] (An example 2, example 2 of a comparison) each processing performed in samples 1, 4, 8, 9, 14, 21, 24, and 28 
and the comparison samples 1,3,6, and 8 — the metal mold for warm forgings — it carried out to punch (the JIS steel 
type SKH51, Rockwell International C-scale-weighting degree of hardness 53), respectively, and mold-life evaluation at 
the time of a warm forging was actually performed the time of forging — metal mold — the front face was heated to 
700 degrees C The judgment of a life was taken as the time of the dimensional accuracy of a work material separating 
from the domain of regular. A life evaluation result is shown in Tables 4-6. In this invention, it was checked that the life 
of metal mold is improving greatly so that clearly from Tables 4-6. 

[0063] (An example 3, example 3 of a comparison) Each processing performed in samples 1, 4, 8, 9, 14, 21, 24, and 28 
and the comparison samples 1, 3, 6, and 8 was performed at the ** omission pin for aluminium alloy casting (the JIS 
steel type SKD61 . Rockwell International C-scale-weighting degree of hardness 51), respectively, and life evaluation of 
the ** omission pin at the time of casting of an aluminium alloy was actually performed. The casting technique is made 
into a gravity casting and the ** omission pin front face was heated to 670 degrees C. The judgment of a life was taken 
g,. as the time of the dimensional accuracy of a work material separating from the domain of regular. A life evaluation 

jPr; result is shown in Tables 4-6. In this invention, it was checked that the life of a ** omission pin is improving greatly so 

that clearly from Tables 4-6. 

[0064] (An example 4, example 4 of a comparison) each processing performed in samples 1, 4, 8, 9, 14, 21, 24, and 28 
and the comparison samples 1,3,6, and 8 — the glass lens molding made from a cemented carbide — the glass lens 
molding made from metal mold or an alumina-titanium-carbide system ceramics — it carried out to metal mold, 
respectively and the glass lens was actually fabricated however, metal mold — since the nitriding treatment was 
inapplicable to the base material, each above-mentioned processing was applied only to the coat section the molding 
technique — a press forming — carrying out — metal mold — the site which a glass material contacts first among 
front faces was heated to 800 degrees C In evaluation of various prototypes, the mold-release characteristic fell and 
the time of continuation use becoming impossible was set as the life of metal mold. A result is shown in Tables 4-6. In 
this invention, it was checked that a mold life is extended sharply so that clearly from Tables 4-6. 
[0065] (An example 5, example 5 of a comparison) each processing performed in samples 1 , 4, 8, 9, 14, 21 , 24, and 28 
and the comparison samples 1,3,6, and 8 — ♦♦»*♦♦ molding of a Magnesium alloy — mold-life evaluation when 
carrying out to metal mold (the JIS steel type SKD61, Rockwell International C-scale-weighting degree of hardness 
51). respectively, and actually performing * molding was performed the metal mold which the molding technique 

heats a Magnesium alloy (AZ91D) at 580 degrees C, changes it into the half-melting status, and was kept at 250 
degrees C — the fabricating method" which carries out injection molding was adopted as the interior metal 

mold — the release agent was made the front face with spray ** for every ** shot evaluation of various prototypes — 
metal mold — the time of molding burning [ the Magnesium alloy ] and becoming a front face continuously difficult was 
set as the life of metal mold A result is shown in Tables 4-6. In this invention article, it was checked that a mold life is 
extended sharply so that clearly from Tables 4-6. 
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[0069] 

[Effect of the Invention] According to this invention, the metal mold or mold which has the coat excellent in 
heat-resistant crack nature and oxidation resistance is obtained, and the trauma and fatigue crack by oxidization of the 
front face of metal mold or mold can be suppressed. Thereby, the enhancement in a life of metal mold or mold can be 
attained. 
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